The authors have undertaken the determination of pH values for one buffer solution of TES without NaCl and nine buffer solutions with NaCl yielding an ionic strength I = 0.16 mol·kg -1 similar to that of blood. These buffer solutions have been evaluated in the temperature range of 5˚C to 55˚C using an extended version of the Debye-Hückel equation.
Introduction
Good et al. [1, 2] have proposed a select group of zwitterionic buffers for physiological use. The authors have previously reported the pH values of N-[tris(hydroxymethyl) methyl-3-amino]propansulfonic acid (TAPS) [3] from 5 to 55˚C, including 37˚C. Vega and Bates [4] have reported the second dissociation constant, pK 2 , and related thermodynamic data of TES from 5˚C to 55˚C. Roy and associates [5] also determined pK 2 values of TES with thermodynamic quantities from 5˚C to 55˚C. The purpose of the current investigation is to provide pH values for the amino acid TES, the structure of which is given in Figure 1 .
The universally used NIST certified physiological phosphate primary standard buffer solution has pH values of 7.415 and 7.395 at 25˚C and 37˚C, respectively [6] . This phosphate buffer contains 0.008695 mol·kg −1 KH 2 PO 4 and 0.03043 mol·kg −1 Na 2 HPO 4 . Because of problems associated with the current phosphate buffer [7] [8] [9] , we have been prompted to investigate some zwitterionic buffers including TES for use in physiological pH range 6.5 -7.5.
The following compositions were used for the determination of pa H : 1) (0.08 mol·kg 
Experimental
The TES was obtained from Research Organics in Cleveland, OH. The experimental method for further crystallization and the assay have been previously reported in detail [5] . Buffer solutions 1) to 10) were prepared by weighing recrystallized TES buffer, ACS reagent grade NaCl, a standard NaOH solution, and calculated amounts of double distilled CO 2 -free water. Vacuum corrections were made for all masses. The cell design, preparation of the chloroplatinic acid, hydrogen gas purification, silver-silver chloride, solution preparation, and other experimental details have been described previously [10] [11] [12] [13] .
Methods and Results
Cell (A) contains one solution without the Cl − and nine solutions containing NaCl to yield an ionic strength of I = 0.16 mol·kg -1 . The emf values have been corrected to a hydrogen pressure of 1 atm. The values for the pa H calculations are given in Table 1 . The error in the emf, on an average of two readings, lies within 0.02 mV.
For accurate calculations of the pH values of the buffer solutions, the following Cell (A) was used: (B) where the abbreviations "s", "l", and "g" indicate the solid, liquid, and gaseous states, respectively.
For Cell (C), the phosphate salts were NIST standard reference materials. Its solutions are recommended for pH measurements in physiological media. The schematic diagram of the Cell (C) is shown below:
Pt s , H g,1 atm KH PO Na HPO KCl satd ,
The SCE values of the saturated calomel electrode were taken as -0.2415 and -0.2335 at 25˚C and 37˚C, respectively [12, 14] . The δE j values of the buffer solution for Cell (B) were calculated using the following equation:
where k = 0.059156 and pH = 7.415 at 25˚C; k = 0.061538 and pH = 7.395 at 37˚C. These values are for phosphate primary standard and buffer solutions. The operational definition of pH is denoted as pH(x) which can be calculated by use of the equation: Copyright © 2012 SciRes. OJPC
where "x" refers to the unknown buffer solution (TES + NaTES in this case), "s" is the NIST standard phosphate buffer solution of known pH, and
To calculate the pH values for the buffer solutions, the determination of the acidity function, p(a H  Cl ), in the temperature range 5˚C to 55˚C is required. These calculations were made using the emf (E) values listed in Table 1. The following equation was used:
where "k" is the Nernst slope. Copyright © 2012 SciRes. OJPC
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The pH(s) values for solutions without liquid junction in the absence of NaCl were determined using the next Equation:
where the single-ion activity coefficient, Cl   , cannot be experimentally measured. A previous publication gives the method used for obtaining Cl   [10, 15, 16] . The pH values from the liquid junction cell are indicated by pH whereas the "conventional" pH calculated from Equayon. 5 is designated as pH(s). The Bates-Guggenheim convention [10, 15] is commonly known as "pH convention" and is expressed by the Equation:
10 Cl log 1
where Equation (5) is valid only up to 0.1 mol·kg 
where "I" is the ionic strength of the buffer solution, the constants "A", "B", and a˚ have the usual physical significances. The following empirical equation is used for the calculation of the adjustable parameter "C" [8, 10] .
where C 25 = 0.032 kg·mol -1 at 25˚C and t is the temperature in degrees Celsius.
The pa H values listed in Tables 4 and 5 for the TES buffer solution with and without the presence of NaCl Table 4 . 
in the temperature range of 5˚C to 55˚C. The standard deviation of regression for the pa H of the chloride-free buffer solution was obtained using Equations (3), (4), (6) , and (7). The standard deviation was 0.0012.
For the buffer solutions containing NaCl, with an isotonic saline media ionic strength of I = 0. 
The observed standard deviations of regression from Equations. 9 -17 are 0.0014, 0.0009, 0.0006, 0.0006, 0.0009, 0.0008, 0.0010, 0.0009, and 0.0009, respectively.
The emf values of Cells (B) and (C), pH values with and without liquid junction, an the values of δE j at 25 and 37˚C are given in Table 6 . These are various sources of error: 1) extrapolation of th Table 6 the pH values obtained from the extended Debye-Hückel equations and liquid junction correction are in very good agreement (±0.001 pH unit). Thus these TES buffer solutions are recommended as useful secondary pH standard for blood serum and physiological application in the pH range 7.2 -7.5. The authors have undertaken the calculation of the single ion 
